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PHN 12,659 *r ( 24,07.1989 



ABSTRACT ; 

Integrated meaory circuit comprising a parallel and serial input and 
output. 



An integrated nenory circuit in which meaory cells are 
arranged in rows and colunns, each column comprising a separate sense 
amplifier* Via additional transistors the nenory columns can be coupled 
to neighbouring memory columns and the gain of the sense amplifiers in 
5 the even and the odd columns is adjustable. Consequently, information 
can also be serially shifted from one column to another, so that the 
information can be written and read not only in parallel but also 
serially. 




PAGE 23/37 ' RCVD AT mm 1:34:31 PM [Eastern Standard Time]* SVR:USPTO€FXRF-1/0' DNiS:8729308' CSID:202 293 6229 * DURATION (inin-ss):1M6 



DEC-06-2004 ,13:43 



CONNOLLY BOUE LODGE &HUTZ 



202 293 6229 P. 24/37 



PHN 12.659 l'^ 24.07.1989 



Integrated memory circuit comprising a parallel and serial input and 
output. 



The invention relates to an integrated memory circuit, 
comprising a matrix in which each column comprises its own sense 
amplifier circuit for forming ah externally presentable output signal on 
a respective sense amplifier circuit output. 
5 A circuit of the kind set forth is knot«n from United 

States Patent Specification 3,930,239. 

Said patent specif ication describes an integrated memory 
circuit in which the use of an additional shift register enables fast 
serial writing and reading of data in the memory. Such a memory circuit 

10 has the drawback that a large chip surface area is required for the 
additional on-chip shift register. 

It is inter alia an object of the invention to provide an 
integrated memory circuit in which data can be quickly written or read, 
serially or in parallel at option, in or from the memory, but which does 

15 not require an ; additional shift register, allowing the chip surface area 
of the integrated memory circuit to remain small. 

To achieve this, an integrated memory circuit in 
accordance with the invention is characterized in that each sense' 
amplifier circuit has a latch function, and that there are provided 

20 selection means for selecting a number of sense amplifier circuits, each 
of which forms part of a respective pair of sense amplifier circuits, 
there also being provided transfer means for directly replacing 
information of one sense amplifier circuit within the relevant pair by 
infornation of the other sense amplifier circuit within the relevant 

25 pair, the information of said one sense amplifier circuit thus being 
destroyed. Said transfer meems enable information to or from a memory 
cell to be applied directly to or transferred directly from an adjacfent 
column. Information can be transported from one column to another so 
that the information is available in any desired column. Moreover. 

30 information can at option be written in or read from the memory in 

parallel. The memory of the integrated circuit can then be programmed 
seriallyi via only one input terminal connected to the chip, by way of 
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externally supplied data. Subsequently, tot example an on-chip micro- 
processor of the integrated circuit can read the data (for example, 
instructions which may consist of several bits) from the neinory in 
parallel. 

5 An integrated memory circuit in accordance with the 

invention offers the advantage that the sense amplifier circuits and the 
additional switching el ement.s required can be used as a shift register, 
so that the sense amplifiers have a dual function. The additional 
switching elements need substantially less chip surface area than the 

10 shift register used in the cited reference, so that the total surface 
area of the integrated- memory circuit J.s smaller. 

An embodiment of an integrated memory circuit in 
accordance with the invention is chatacterieed in that, the one and the 
other sense amplifier circuit within the pair are directly adjacent, 

15 the gain of the one sense amplifier circuit being higher than or equal 
to the gain of the other sense amplifier circuit under the influence of 
a control signal. The direction of information transfer from an n*^ 
column to an (n+1)*^^ column, or vice versa from the column 
to the n*^^ column, depends on the respective gains of the sense 

20 amplifier circuits in the relevant columns. The information transfer 
takes place froro the column in which the sense amplifier circuit has a 
higher gain to the column in which the sense amplifier circuit has a 
lower gain, so that the direction of information transfer is defined. 
Because the sense amplifier circuits within a pair are directly 

25 adjacent, only little chip surface area will be required for the 
connections between the sense amplifier circuits. 

A preferred embodiment of an integrated memory circuit in 
accordance with the invention is characterized in that the sense 
amplifier circuits comprise combined inputs and outputs. As a result, a 

30 typical flip-flop figuration is obtained where a flip-flop in a column 
has a master function and a flip-flop in a neighbouring column has a 
slave function. Without using additional switching means, it is thus 
possible to write information serially into the memory cells in addition 
to the serial reading of information from the memory cells. 

35 The invention also relates to an integrated circuit, 

comprising a processor, a data bus and a memory circuit, the processor 
being connected, via the data bus, to parallel inputs and outputs of the 
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memory circuit in accordance with the invention. Thus, any programming 
of "the processor (having, for example an instruction word width of 32 
bits) requires only a single connection pin of the integrated circuit 
(contrary to the 32 connection pins required for parallel progranwDing) , 
5 resulting in a compact casing for the integrated circuit. 

The invention will be described in detail hereinafter 
with reference to the drawing; therein: 

rig. 1 shows a memory circuit in accordance with 

the invention, 

10 Fig. 2 is a detailed representation of a preferred 

embodiment of a part of the memory circuit shown in Fig. 1, and 

rig. 3 is a detailed representation of a preferred 
embodiment of another part of the memory circuit shown in Fig. 1. 

rig. 1 shows a part of a memory circuit in accordance 
IS with the invention. The memory circuit comprises: 

- a matrix of memory cells j which are arranged in u rows and n 
columns, m and n bting the number of rows and the number of columns, 
respectively, which memory cells Mj^^^ in a column j (in this example j 
is even) are interconnected via two bit lines (BIT^ and 

20 ^j), all memory cells in the same row i receiving a row 
selection signal WLj^, 

- in each column j a sense amplifier circuit Aj comprising combined 
inputs and outputs, all sense amplifier circuits Aj receiving a common 
control signal via an amplifier control line .SA, the sense amplifier 

25 circuits in the odd columns and the even columns also receiving a 

control signal via a first selection line FODD and a secondi^selection 
line FEV£N, respectively, 

- for each column j switchable cascode elements SLj and SRj, 
respectively, which couple the combined inputs and outputs of the sense 

30 amplifier circuit Aj, being connected to a data line Dj and 
0j, respectively, in a column j to the bit line BlTj and 
BTTj, respectively, which elements SLj and SRj are 
connected in all columns j to a common read control line 
lESP and, in the odd (1, .... j-1, j+1, ...) and .even (2, 

35 j, j+2, ...) columns, are also connected to a first write line 

WRODD and a second write line WREVEN, respectively » 

- switching elements L and R which are capable of connecting, for two 
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neighboUTJing coluwsn j and j+1, the data line Dj to Dj^^ and 
?j to Cj^^, the elements Lj and Rj connecting the 

column j to the adjacent colunn j+1 by supplying a control signal on the 
second selection line FEVEN, elements Ifj..f and Rj.^ connecting an 
5 odd colunn to an even column j by way of a control signal on the 
first selection line FODD- 

Hereinafter, signals which must be logic low or logic 
high will be referred to as 'low' and "high", respectively. 

The operation of the part of the memory circuit shown in 

10 Fig. 1 will be described successively for the reading of information 
from and the writing of information into the memory cells Mj^^j* 

In order to read information from a row of memory cells 
M{ ^, the following control signals assume the following logic levels: 
the control signal on the word line WLj^ becomes "high" so that all 

15 memory cells M^^j in the row i are selected. As a result, logic 
signals appear on all bit lines BIT and CTT. The control 
signal on the read control line R£A0 subsequently becomes 
•low", so that the cascode elements SLj.-^, SRj.^, SLj, SRj, 
SLj+^i SRj+^ etc. in all columns 1, 2, j, ...» n connect the 

20 bit lines BITj and BTTj to tHe sense amplifier circuit 
Aj and the data lines Dj and Uj, respectively. When 
subsequently a 'high" control signal appears on the amplifier control 
line SAr each sense amplifier circuit Aj takes over the information 
presented on the bit lines BITj and RTj and the data 

25 lines and C^, amplifies these signals and retains them for 
the time being , * 
The information available on the outputs of each sense amplifier circuit 
Aj and the data lines Dj and ?j can subsequently be 
transferred in parallel to other circuits which are not shown in the 

30 drawing, for example to an on**chip micro-processor . 

However, it is also possible to transfer the information present on the 
outputs of each sense amplifier circuit Aj after the reading of a row 
i bf memory cells j serially instead of in parallel to circuits 
(not shown) in the integrated memory circuit, for example a micro- 

35 processor. The serial presentation of information in accordance with the 
invention is realised asV follows: the data lines Dj and Uj in 
a column j are connected, via switching elements Lj and Rj, to the 
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data lines D^^.^ and 0^+^ in a directly adjacent column 
The drawing shows that switching elements tj^^ and Rj.^ connect the 
data lines Dj.^ and Pj^^, respectively, in the coluian j-1 to 
the data lines Dj and Uj, respectively, in the colurhn j, and 
5 that switching elements Lj and Rj connect the data lines Dj and 
5y respectively, in the column j to the data lines 0^+^ and 
Bj^.^, respectively, in the coluon 5+1. when the switching 
elements L^.^ and Rj.,. Lj+i and R^^, etc. are selected by a 
"high- selection signal -on the line FODD-, while the switching elements 

10 and l^^2 ^i^2 ^""^^ ^" drawing) etc. are not 

selected because of a "loW. signal on the line FEVEN, information can 
flow from the column j-1 to the column- j or vice versa from the column j 
to the column j-1. Similarly, information can flow from the column j+1 
to the column j+2 or vice versa from the column j+2 to the column j+1, 

15 etc. The direction of information transfer, from a column j to a column 
j+1 or vice versa from a column j to a column j-1, depends on the gains 
of the sense amplifier circuits Aj_^, Aj, *j+i' ^j+2 
relevant columns j-l, j, j+1i j+2. The control signal on the amplifier 
control line SA is •high" during the serial transfer, so that a sense 

20 amplifier circuit receiving information from a neighbouring sense 
amplifier circuit can take over and retain this information. The 
information transfer takes place from a column with a sense amplifier 
circuit of higher gain to a column comprising a sense amplifier circuit 
of lower gain, the information in the latter column being lost because 

25 the information originally present therein is replaced by new 

information from the adjacent column in which the gain of tbe sense 
amplifier circuit is higher. 

The required discrimination between the gains of the 
sense amplifier circuits is also realised by means of the signals on the 

30 selection linos FODD and FEVEN. In the presence of a selection signal on 
the line FODD and absence of a selection signal on the line FEVEN, the 
gain of, for example the sense amplifier circuit Aj.-, is higher than 
the gain of the sense amplifier circuit A^. Because in Fig. 1 the 
sense amplifier circuits Aj_^, switching elements 

35 Lj.-i and Rj^v Lj+i and Rj+^, etc. all receive a control signal 
vi4^the line FODD, and the sense amplifier circuits Aj, Aj^2 
and the switching elements Lj and Rj, and Rj^.2 etc. all 
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receive a control si9ndl via the line FEVEN, the information transfer 
takes place from the column j to a colunn j+l. when the drive of the 
sense aroplifier circuits Aj and A^^^ is reversed (replacing each 
drive via the lines FOOD and FEVEH by a drive via the line FEVEN and 
5 FODDf respectively) and the drive for the switching elements Lj and 
Rj remains the same, or when the drive of the switching elements Lj, 
Rj and ^j-^r reversed and the drive of the sense amplifier 

circuits Aj remains the same* the latter direction of information 
transfer is reversed and information is transferred from a column j to a 

•10 column However, addition of simple multiplex circuits and a control 

signal to be applied thereto enable the information transfer to take 
place as desired from the column j to the column j+1 or from the column 
j to the column j-1. The additional control signal makes the multiplexer 
circuits connect the sense amplifier circuits Aj, Aj^j etc. to 

15 either the line FOOD or the line FEVEN, and the sense amplifier circuits 
Aj.^ and Aj^^ to either the line FEVEN or the line FODD. In the 
former case, the information transfer takes place from right to left and 
in the second case from left to right. For the sake of simplicity r 
hereinafter a signal on a line will be denoted by the symbol of the 

20 relevant line. 

For serial transfer of information to circuits (not shown) in the 
integrated memory circuit i control signals FOOO and FEVEN assume the 
following levels, viewed in time: control signal SA is "high", control 
signal FODD is •high* and control signal FEVEN is "low", so that 

25 information transfer takes place from the column j-1 to the column j, 

• . . . - 

from the column j41 to the column j+2 etc. Subsequently. t)ie control 
signal FODD becomes ^low" and the control signal FEVEN becomes 'high", 
so that information transfer takes place from the column j to the column 
j+1, from the column j42 to the colunn j^S etc. The control signal FODD 

30 becomes "high" again and the control signal FEVEN becomes 'low" again, 
so that a data transfer takes place to a next colunn, etc. The control 
signals FODD and FEVEN alternately become "high" and "low" until all 
desired information has been transferred to circuits (not sho%m) in the 
integrated memory circuit. The described sequence of control signals 

35 FODD and FEVEN ensures the presentation of the memory information in the 
odd columns j-1, etc., via the last column n in the memory circuit, 

to circuits (not shown) in the integrated memory circuit. Using a 
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sequence of control signals FOOD and FEVEN which is similar to the one 
described above, be it with an initial value of FODO and FEVEN which, 
after the memory information has become available on all combined inputs 
and outputs of the sense amplifier circuits Aj, is "low" and "high*, 
5 respectively, the information is presented from the even columns j+2, 
etc. to circuits (not shown) in the integrated memory circuits. The 
serial reading of a full r-ow of memory cells Mi - should, therefore, 
take place in two steps, i.e. serial reading of the odd columns j-1, 
etc., followed by the reading of the even columns j, j+2 etc., or the 
10 reading of the even columns, followed by the odd columns of the memory 
circuit. 

The writing of information in a row i of memory cells 
M^^^ can also be realised in two different ways as already described 
for the reading of information from the memory cells « i.e. in parallel 

IS or serially. In the case of parallel presentation of information on the 
data lines Dj and Dj, this information is taken over and 
retained in the presence of a "high" control signal SA. Subsequently, in 
the presence of "high" signals WRODD, WBEVEN and WL^ this information 
is stored in the memory cells j in the row i. Alternatively, 

20 information can be stored in the memory cells M: by means of other 
drivers (not shown in Fig. 1) coupled to the data lines Dj_^ and 
^j-1' ^j' ^j+l ^j+1 instead 

of by means of sense amplifier circuits Aj.i» Aj, A^^-, etc. In the 
present example the serial writing of information in a row of memory 

25 cells is performed as follows: information is presented to thfi data 
lines and J5^ of the first column 1 in the memory circuits' 
The control signal SA is "high". Subsequently, the control signal FODD 
becomes "high" and the control signal FEVEN remains "low". Consequently, 
the sense amplifier circuit Aj in the adjacent second column 2 takes 

30 over this information. Subsequently, the control signal FEVEN becomes 

'high" and FODD becomes "low" , so that this information is taken over by 
the sense amplifier circuit A3 in the third column 3. Subsequently, 
new information is presented to the data lines and of 
the first memory column 1, after which the control signal FODD becomes 
35 -high" and FEVEN becomes "low- again etc. Thus, information is serially 
shifted from the column j to the column j+1. Like in the preceding 
description of the serial reading of memory cells, the serial writing of 



PAGE 30/37 * RCVD AT 1218/2004 1:34:31 PM [Eastern Standard Time] ' SVR:USPTO-EFXRF*1/0 * DNIS:8729306 ' CSID:262 293 6229 ' DURATION (m[n-s$):1M6 



DEC-06-2004 13 : 46 



CONNOLLY BOUE LODGE aHUTZ 



202 293 6229 P. 31/37 



PHN 12.659 a 24.07.1989 

infornation in a row of nenory cells must also take place In two steps. 
During the first stept writing takes place, for example in the i^^ row 
in the memory cells in the odd columns and in a second step in the 
memory cells in the even columns or vice versa. Using the control 
5 signals WRODD and VREVEN, driving the cascode elements SL and SR, the 
information shifted to the sense amplifier circuits during the first and 
the second step, respectively* can be written in the memory cells of the 
odd and the even columns i respectively* or of the even and the odd 
columns* respectively. 

10 Fig. 2 is a detailed representation of a preferred 

embodiment of a part^of the memory circuit shown in Fig. 1* that is to 
say a preferred embodiment of the switching elements L^.^ and Rj.i* 
Itj and Rj etc. and the sense amplifier circuits Aj.^, Aj* ^j-M 
etc. The switching elements Lj^^ and Rj^^r Lj and Rj etc. each 

15 comprise an n-type transistor N5 and N6 and each sense amplifier circuit 
A comprises four n-type transistors K1, N2, N3 and N4, and two p-type 
transistors PI and P2. The sources of the transistors K1 and N2 are 
connected to one another and to the drains of the transistors N3 and 
N4. The drains of the transistors N1 and PI and of the transistors N2 

20 and P2 are connected to one another, to the gates of the transistors K2 
and P2 and N1 and pi, respectively, and to the data line D and 0, 
respectively. The sources of the transistors PI and F2 and of the 
t:ransistors N3 and N4 are coupled to power supply terminals V2 and VI, 
respectively. The gate of the transistor N3 and of the transistor N4 in 

25 the column j receives a control signal 5A and a control .s.ign&l FEVEK, '\..' 
respectively. 

The circuit shown in Fig. 2 operates as follows: in the 
case of a •high" control signal FEVEN, a "low" control signal FOOD and a 
"high" control signal SA, the transistors N3 and N4 are both turned on 

30 and a comparatively large current flows to the first power supply 

terminal VI. Consequently, the gain of the sense amplifier circuit Aj 
exceeds that of the sense amplifier circuit Aj^^ which is driven only 
by the control signal SA and not by the control signal FOOD so that, as 
has already been mentioned in the description of the operation of the 

35 circuit shown in Fig. 1, information is transferred from the column j to 
the neighbouring column j+l . 

Fig. 3 is a detailed representation of a preferred 

PAGE 31/37 ' RCVD AT 12/6/2004 1:34:31 PM [Eastern Standard Time] ' SVR:USPTO-£FXRF-1/0 * DNiS:872930$ ' CSiD:202 293 6229 ' DURATION (n)in-ss):1M6 



DEC-06-2004 13:46 CONNOLLY BOUE LODGE &HUTZ 202 293 6229 P. 32x37 



PHN 12.659 9 24.07.1989 

epbodiment of the cascode elenents SLj and SRj, SLj^^ and SRj^^ 
etc. shown in Fig. 1. Each of the cascode elenents SL and SR comprises a 
parallel connection of an n-type transistor N7 and NB, respectively, and 
a p-type transistor P3 and P4, respectively. The gates of the, 
5 transistors N7 and N8 in the even (2, 4, 6, ... ) memory coluwns and the 
odd (1, 2f Sf ...) mebory cblumns are coupled to control signals WREVKN 
and WRODD, respectively. The gates of the transistors P3 and P4 in the 
cascode elements sl and SR in each nenory column are controlled by the 
control signal READ. 

10 The circuit shown in Fig. 3 operates as follows: the 

functions of the cascode elements SL and 5R have already been described 
with reference to Fig. 1, so* that only the functions of the n-type and p 
type transistors will be elucidated. In the case of a 'low* control 
signal read, the transistors P3 and P4 in all cascode 

15 elements SL and SR in the oemory circuit are turned on, so that in each 
column j the bit line BITj is connected to the data line Dj and the 
bit line BIT j is connected to the data line Hj. The 
use of P'type transistors instead of n-type transistors for the 
transistors P3 and P4 is to be preferred « because the voltages on the 

20 bit lines BlTj and BTTj are usually greater than the sun 

of the control voltage READ plus the threshold voltage 

^THP ^ P'type transistor when information is read from a nenory 

cell j (this sun is approxinately equal to 1 V in the case of a 

supply voltage of, for example 5 V), so that no voltage loss occurs 

2S across the transistors p3 and P4. For the transistors N7 and ,N8 

■ 

preferably n-type transistors are used, because the transisUrs which 
connect the memory cells H{ ^ to the bit lines BIT 4 and 
61 Tj (not shown in the Figure) are usually also n-type 
transistors, so that in the case of a write operation in the memory 
30 cells Hj^ j via the bit lines BITj and ETTj no threshold 
voltage loss occurs for a *low" level. 
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Chinese Patent Application No. 78110052 
Amended Claims (March 1990) 

1. An integrated raeinory circuit, comprising a matrix in 

which each column comprises its own sense amplifier circuit fox forming 
an externally presentable output signal on a respective sense amplifier 
circuit output*, characterised in that each sense amplifier circuit has a 
5 latch function and that there aze provi<1ed selection means for selecting 
a number of sense amplifier circuits i each of which forms part of a 
respective pair of sense amplifier circuits » there also being provided 
transfer means for directly replacing information of one sense amplifier 
circuit within the relevant pair by information of the other sense 
10 amplifier circuit within the relevant pair, the information of said one 
' sense amplifier circuit thus being destroyed. 

2, An integrated memory circuit as claimed in Claim 1, 
wherein, the one and the other sense amplifier circuit 
within the pair are directly adjacent, the gain of the one sense 

15 amplifier circuit being higher than or equal to the gain of the other 
sense amplifier circuit under the influence of a control signal ^ - 
3* An integrated nepory circuit as claiaed in Claim 2, 

wherein the sense amplifier circuits comprise combined 
inputs and outputs. 

20 4. An integrated memory circuit as claimed in Claim 3;^* 

wherein each Input of a sense amplifier circuit in a 
column is connected to a 'bit line in this relevant column via a 
separately switchable cascode element which is suitable for the 
reception of two different control signals. 

25 5^ • An integrated memory circuit as claimed in Claim [3, 

wherein each switchable series element comprises an 
type transistor. 

6. An 'integrated memory circuit as claimed in Claim 4, 
tvherein each switchable cascode element comprises a 

30 parallel Connection of a p-type transistor and an n-type transistor. 

7. An integrated memory circuit as claimed in Claim S, 
wherein control electrodes of the n-type transistors, from 
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an odd to an even column bearing an increasing column number i are 
suitable for the reception of a first control signal and^ from an even 
to an odd column bearing an increasing column number, suitable for the 
reception of a second control signal.* 
SB. An integrated memory circuit as claimed in Claim 6« 

v^erein the control electrode of the p-type transistor in 
each switchable cascode element is suitable for the reception of a read 
signal I the control electrode of the n-type transistor in each 
switchable cascode element in an od(S and an even column being suitable 
10 for the reception of a first and a second write signal , respectively. 

9. An integrated memory circuit as claimed in Claim 7« 

wtierein the eense amplifier circuit In an odd and an even 
column is suitable for the reception of the first and the second control 
signal, respectively, or the second and the first control signal, 
15 respectively. 

10. An integrated memory circuit as claimed in Claim 9, in 

which each sense amplifier circuit can be switched on or off by means of 

an A-type transistor, wherein parallel to the latter 
type transistor there is connected an additional n-type transistor whose 
^ 20 control electrode is suitable for the reception of the first or the 
second control signal. 

11- An integrated memory circuit as- claimed in clai-m 5, .6, 7, 

a or 10 r wherein an n-^type transistor is either an n- 
channel field effect transistor or a bipolar npn transistor, a p-type 
25 transistor being either a p-channel field effect transistor or a bipolar K 

m 

pnp transistor. " 

12. An integrated circuit, comprising a processor, a data bus- 
and a memory circuit, the processor being connected, via the data bus, 
to parallel inputs and outputs of the memory circuit as claimed in 

30 Claim 1. 

13. An integrated circuit as claimed in Claim 12, 
wherein a serial Input /output of the memory circuit is 
connected to a 'connection pin of the integrated circuit. 
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